Introduction
Nowadays, nuclear radiation is increasingly being used in various fields such as medical, agriculture and scientific research and other scientific and technological fields.
So it is important to evaluate shielding properties in different materials of technological importance. It is useful to develop the mixture of materials that can be used as a shield against nuclear radiation [1] . In such manner, glasses are promising materials because they can be transparent to visible light, simplicity to manufacture and its radiation shielding properties can be improved by the addition of oxide in the glass formula [2, 3] .
Among several glass systems, tellurite glasses are of great interest because of their superior physical properties such as high refractive index [4] , low melting temperature [5] , high dielectric constant [6] , good chemical resistance [7] , high thermal stability [8] and low phonon energy [9] [10] [11] [12] [13] [14] [15] .
Conventionally, lead-based glasses have been widely used for γ-ray radiation shielding and protection from other ionizing human harmful radiation because of its rich physical and chemical properties. But, due to their toxicant nature, they have been greatly restricted in various radiations shielding application. Nowadays, there have been increasing interests in preparation lead-free glasses suitable for radiation shielding [8, 16] .
Different types of glasses could be used as radiation shielding material for gamma rays and neutrons [17] [18] [19] [20] [21] [22] . Kirdsiri They have calculated the mass attenuation coefficient (µ/ρ), effective atomic number (Z eff ), effective electron density (N eff ) and half-value layer (HVL), in the energy range 1 keV -100 GeV. Kaur and Singh [23] calculated the mass attenuation coefficient, half value layer and mean free path values for lead borate glasses doped with aluminum oxide. The obtained results are in good agreement with standard nuclear radiation shielding concretes. Kurudirek et al [24] evaluated the effective atomic numbers (Z eff ), mean free paths and total mass attenuation coefficients of some lead and non-lead based glass systems, in the energy range of 1 keV-100 GeV. The results were compared with some standard shielding concretes and commercial window glasses. Furthermore, Yılmaz et al [25] evaluated the effective fast neutron removal cross-sections (∑ R ) for different concrete samples with and without mineral additives using NXcom program. They concluded that the elemental composition, hydrogen content and the concrete density contribute an important rule for neutrons attenuation.
In this work the mass attenuation coefficient (µ/ρ), the effective atomic number (Z eff ), 
Material and computational method
The glass system in the present work is tellurite glasses with different glass oxides (B 2 O 3 , BaO, K 2 O, V 2 O 5 , WO 3 and ZnO). The compositions and density of the glasses are listed in Table. 1
Mass attenuation coefficient
The mass attenuation coefficient is a measure of the probability of interactions of photon with matter and it is measured in (cm 2 /g) [26] . It is the basic tool used to derive other photon interaction parameters like effective atomic number and electron density. The homogeneous mixtures using the following equation: [27] .
where w i is the weight fraction of element i and (µ/ρ) i is the mass attenuation coefficient of the ith element . For the selected glass systems, the mass attenuation coefficients have been calculated by the WinXcom program [28] . This program is able to generate total cross sections, attenuation coefficients as well as partial cross sections for various interaction processes, such as incoherent and coherent scattering, photoelectric absorption and pair production, for elements, compounds and mixtures as needed at energies from 1 keV to 100 GeV.
Effective atomic number (Z eff ) and electron density (N e,eff )
The effective atomic number (Z eff ) is a parameter similar to the atomic number of elements. It describes the properties of the composite materials (compounds or mixtures)
in terms of equivalent elements, and it varies with energy [29] . The effective atomic numbers of the selected glass systems were calculated using the following expression [30] :
here f i represents the fractional abundance of the element i relative to the number of atoms providing that Σ f i = 1, A i is the atomic weight, and Z i is the atomic number.
The effective atomic number is related to another parameter called effective electron density (N e,eff ) which is defined as the number of electrons per unit mass of the interacting materials and measured in electrons/g, which is calculated using the following equation [31] :
where ‫〉ܣ〈‬ is the mean atomic mass and N A is Avogadro constant. 
Macroscopic effective removal cross section for fast neutrons (∑ R )
The macroscopic effective removal cross-sections for fast neutrons ∑ R , or for simplicity the removal cross-section is the probability of one neutron undergoing a specific reaction per unit path length of travel through the shielding material [24] . For compounds and homogeneous mixtures, the values of the macroscopic removal cross-section (∑ R ) can be calculated for various elements in the compounds or mixtures using the following equation [32, 33] :
where W i is the partial density (g/cm 3 ) and ∑ R/ρ (cm 2 /g) is the mass removal cross-section of the ith constituent. The partial density W i of the ith constituent (compound or simple element) can be calculated using:
where w i is the weight fraction of the i constituent and ρ s is the density of the sample. The Σ R/ρ is nearly constant for neutron energy from 2to 12MeV [32] .The values obtained by Eq. (4) are accurate to within about 10% of those values which determined experimentally [34] .
Theoretical and experimental values of the removal cross-sections (Σ R/ρ ) for elements and compounds have been tabulated [32, 35, 36] . Using these tables we can get the value of the removal cross section ∑ R for any compound or material not listed in these tables by using the last equations.
Results and discussion
In this work, the basic gamma and neutron shielding parameters of TeO 2 based glasses were studied using WinXcom [28] program over wide photon energy range from 1 KeV to 1 GeV. These parameters are the mass attenuation coefficient (µ/ρ), the effective atomic number (Z eff ) and the effective electron density (N e, eff ). Furthermore, the macroscopic effective removal cross-sections (∑ R ) for fast neutron were calculated. The variations of the mass attenuation coefficient, within photon energy, of the selected glass systems, are shown in Fig. 1 a-b . The variations of the effective atomic numbers and the electron densities, of the selected glasses, for different photon interactions at varying photon energies are shown in Fig. 2 and Fig. 3 respectively. The obtained results of tellurite glasses have been compared in terms of (µ/ρ) values with some standard radiation shielding concretes and silicate glasses (Figs. 4-5 ). In addition, the values of ∑ R are listed in Table 3 .
Mass attenuation coefficients (µ/ρ)
Fig clear that µ/ρ values decrease at a slower rate, whereas for E> 6MeV, µ/ρ values increase slowly up to 800MeV and become almost constant thereafter. (Fig. 1 b) . 
Effective atomic numbers (Z eff ) and electron densities (N e,eff )
The Z eff values of tellurite glass systems in this work were determined by using the values of (µ/ρ). The atomic numbers and atomic masses of the elements were taken from IUPAC [37] . The variation of Z eff values, versus incident photon energy, are shown in Figs. 2.
These variations, which can be classified to three energy region, are attributed to the dominance of different photon interactions. These observed variations can be easily explained by adopting the three well-known photon scattering in matter. The photoelectric effect appears in the lower energy regions, while the pair production Due to the dominance of photoelectric interaction process at lower energies, the higher values of Z eff have been observed in this region. However, various jumps of Z eff values were found in this region, for all selected glass systems, due to the photoelectric absorption edges of K, L and M (see Table 2 ).
With further increase in incident photon energy from 0.1 MeV to 10 MeV, the Z eff values become almost independent of incident photon energy which may be due to dominance of Compton scattering process. In Compton scattering region, the interaction cross section is directly proportional to atomic number Z, hence the minimum value of Z eff for the selected glass systems was observed in this region.
Finally, in high energy region (beyond 10 MeV), the Z eff value increases with photon energy and becomes almost constant above 100 MeV. This can be attributed to the dominance of pair production in this energy region.
In addition, among the selected glass systems, TeO 2 -WO 3 shows maximum value for the effective atomic numbers. It may be due to the reason that TeO 2 -WO 3 contains tungsten which is an element with relatively high atomic number (Z=74). It can be concluded that TeO 2 -WO 3 is the most effective for shielding gamma rays.
The dependency of the electron density (N e,eff ) of the selected glass systems on photon energy is shown in Fig. 3 . As seen from this Figure, the variation of N e,eff was similar to that observed for Z eff .
Comparison with standard gamma ray shielding concretes and silicate glasses
The obtained results of tellurite glass systems have been compared in terms of µ/ρ values with different standard radiation shielding concretes [38] , 0.7 SiO 2 :0.3Bi 2 O 3 , 0.7
SiO 2 :0.3PbO and 0.7 SiO 2 :0.3BaO glasses [19] . The results are shown graphically in 
Effective removal cross section of fast neutrons
The results of the calculated effective removal cross-sections for fast neutron, Σ R of the selected glasses are tabulated in Table 3 . From this which posses a high density has a high value of removal cross section, while minimum ∑ R are observed for TeO 2 -K 2 O (lowest density). Then it is concluded that the density of the sample is an important parameter affecting neutron attenuation. Furthermore, it was found that the Σ R values of the selected glasses were larger than silicate and borate heavy metal oxide glasses [16] . Finally, since TeO 2 -B 2 O 3 has the largest value of Σ R , hence it is the most suitable for neutron shielding.
Conclusions
Shielding properties of tellurite glasses with different glass oxides were investigated.
We have determined the mass attenuation coefficient (µ/ρ), the effective atomic number (Z eff ) and the electron density (N e,eff ) for total photon interaction, in the energy range of 1 keV to 100 GeV. Furthermore, the macroscopic effective removal cross section for fast neutrons (∑ R ) has been calculated. From the present study the following conclusions can be made:
• The values of µ/ρ, Z eff and N e depend on the incident photon energy. • The highest macroscopic effective removal cross-section value was recorded for TeO 2 -B 2 O 3 so it's good material for neutrons shielding applications, while the lowest value was recorded for TeO 2 -K 2 O.
• The obtained results of tellurite glasses have been compared, in terms of mass attenuation coefficient values, with some standard shielding concretes (ordinary, hematite-serpentine, ilmenite and steel-scrap). It was found that tellurite glasses have higher values of (µ/ρ) than concretes.
All the obtained results indicated that tellurite glasses are promising materials for gamma rays shielding applications. 
